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Humanized C-erbB-2 specific antibodies 

Field of the Invention 

The pnes^ inv^ition related to the field of molecular biology in graeial, 
and the field of chimeric immunoglobulins in partiailar. 

The pr^^ invotion relates to altoed immunoglobulin molecules in which 
at least pait of the complranentarity d^^mining r^ons in the light or heavy chain 
variable domains have bom replaced by analogous ccnnplCTiratarity determining 
region(s) from a murine antibody specific for c-eibB-2. 

10 Tlie c-erb-2 (HER-2) oncogene may be e?q>ressed in human breast 

carcinoma cells but is either not expressed, or expressed at much lower levels, in 
non-cancerous cells. It is thus of interest to provide antibodies ^>ecific for the erfa 
racoded protein. Antibodies q>6cific for this protein may be used to assay for the 
presrace of cells e7q)ressing the sib encoded protein, or may be ^lied to patients 

15 so as to specifically bind to carcinoma cells either for diagnt^c, imaging or 
thoapoitic purposes. 

It is of intoest to produce monoclonal antibodies q)ecific for antig^ that 
are e^ressed in much higher amounts in mmors, such as er^. Monoclonal 
antibodies have numerous advantages over polyclonal antibody preparations to the 

20 same antigen. These advantages include higher q)ecificity and the ability to 
reprodudbly graerate laige quantities of the antibody of interest. Since mo^ 
monoclonal antibodies are of murine or non-human origin, their administration 
into human patients is a significant problm. Introduction of non-human 
antibodies into human patirats may have a variety of adverse effects. Such 

25 adverse effects include the development of an antibody reqxmse directed to many 
portions of the administered monoclonal antibody, ^ich as HAMA (himian anti- 
mouse antibody). Additionally, the antibody may fiEul to interact with other 
portions of the human immune system, e.g., a murine antibody Fc region may not 
interact with human Fc recqjtors. thus resulting in the absence of the desired 
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inmmne tssponsid ta cdls di^laying tiie antigra of intRfipy^t^ or may fail to activate 
complerngpL Attesopts to ptoduc^ innnan moroclonal antibodies q)ecific for 
antigms of inteiest have pzovesi to be cfifiBcuh far seveiai reasons, including tiie 
lack of good fusion paitners for human cells, ethical probl^ns associated with 
imnnmizing human patiraits to obtain lymphocytes, as well as difBcuhy in 
obtaining human Iynq)lu>cyte donors. Because of the difBcolti^ associated with 
obtaining human antibodies spedEc for the desired aTtigen, it is of interest to 
provide for "humanized" murine antibody specific tor tte azttigen, Le., an 
antibody that contains primarily human amino add imjiencyrS and some of ti^ 
variable region sequrace of a conventkmal murine amibody specific for the cfesired 
antigen. 

Human ized antibodies (or more goiecally, HnmanirftH imniii^i:^io> BiHn<: ) 
have at least three potraitial advantage ov^ murine antibodies for use in human 
therapy, 

15 Beca us e the constant region poition is human, a humanized antibody may 

interact better witfi other parts of the human immimft gyyftnn (e g , destroy the 
targ^ cells more effidw&y by complem^ dq)endant cytotoxicity or antibody- 
depends cdlular cytotoxicity). 

The human munune system should not recognize the humanized portions of 
20 the humanized immunoglobulin as foreign, and ther^ne the immune response 
againA an injected hmnanized immunoglobulin should be 1^ than the immune 
response against an injected totally murine immunoglobulin. 

Iqected murii^ antibodies have been reported to have a half-life in the 
human circulation much sbortra- than the half-life of human amibod^ (Shaw, ^ 
25 Mm LJsmmzL, 138:4534-4538 (1987)). It is posdble that injected humanized 
immunoglobulins win have a half life more like that of human inmiunpglotmlins, 
thus allowing smaller and less firequoit doses of dierapeutic nnmunoglobulins to be 
administered to tiie body with die same or belter outcome. 

NumKOUS attempts have bem made to drcumvMt the problrais associated 
^ 0 with administering non-human monodonal antibodies to humans by modifying 
non-human antibodies so as to rqilaoe non-human sequences with amino acid 
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sequfflce doived from fauman antibodies. Several publications, pat^its and patent 
aiq)licatiDns disclose humanized antibodies and mabods for tteir production by 
recombinant DNA tedmology. See for example, European Patrat Application 
EPA-0-239-400, Reoonrtrimnt Antibodies ami Iktobods for Their Production; PCT 
AppUcaiion WO89/09622, IL-2 Receptor-Specific Chimwic Antibodies; European 
Patent Application EPA 0-338-745, Method for Producing Recombinant DNA 
Proteins; ami Eurc^ean Patent AH)lication EPA 0-332^24, ChimOTc Antibodies 
Directed Againrt Human Cardnoonbryonic Antigoi. Typically, muriK 
nKmoclomd antibodies are raised againd an antigra of intezest, tte 
^0 immunoglc^ulin goaes encoding the antibody of interest are tten exnacted from 
the bybridoma genome, sequ^iced, and graetically mantpniat^ ^ so as to replace 
non-human constant region sequences with human constant region sequoices. 
Such "chimeric" antibodies contain murine variable regions and human constant 
r^ons. 

15 Although others, e.g., Winter in EPA-0-239-400, have replaced human 

hypervariable sequraces with murine hypervariable sequmce specific for an 
antigen of interest in ordo* to dbtain humaniyiv^ "hyperchhneric" amibodies 
specific for an antigen, such teadiings provide no expectation of success for 
attraipts to produce humanized antibodies (or cteiivatives ttercof) specific for c- 
20 eibB-2 or any other givra antigra. Antigra combining sites have conq>lex 3- 
dimoisional structures that are in part dependant on the primary amino add 
sequenceof the variable regkm of immunoglobulins. Tlie general procedure and 
concerns assodated with producing humanized, diimOTc ami hypochimenc 
antibodies can be found in Antibody Engifip^pt^g, edited by Boncback, W. H. 
25 FroOTian and Co. Publislras. Thus changing several amino adds within tiie 
variable region of an immunoglcdmlin would not be oqpected to have an 
predictable effect on the structure (and consequotly on antigen binding properties) 
of the variable region. 
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The subfect invradon provides for faomaniZBd iimminaglcrtmliQ molecules 
(ami derivatives tteeof) spcdSc for c-^hB-2. Nocl^ add seqoaices ^icoding 
ti^e immnnt^diaHiis, aztd cells for ti^ esqnession of tte faamanized 
immuiKs^olmlins aie also pnjvidcd for. 

Tte sabjcct iiiveittio!i also provides for n^hods of using tte immanized 
immunc^tobulins to diagiiose aod treat cai^^. Cells for tiie imxioctioa of 
h^tfiwmyivi crc^l immuiK^oimliiis aid m yitro synthesis m^iods for ttese 
immunoglotHilins are also taught. 

^0 Description of Figgres 

Figure 1 provide tte nu(deoti(fe sequoce (tc^ 1554 tese pairs) aicoding 
a humanized anti-^B2 specific Fab fragment (SBQ ID:No. 1) d^ived from the 
hypervaiiable r^ons (al^ r^erred to as comptenoitaiity cteramimng regions, of 
abbrevfflted CDR] of murine anti-c-OEiiB-2 morodonal antibody 52(0. The 
humanized light and i^vy chaim of the Fab fragment have bera modified to 
contain an E. coli phoA leader sequence^ A plasnud con^msing the nudecttide 
sequraceof Hguie 1 ispLW187. The E, coli strain containing pLW187 is 
r^erred to as TLW170-1 in this ai^licaticn. 

The sequence of Figure 1 (SEQ ID:No. 1) may be divicted into the 
to following subsequ^u:es: 

1-1431^ phoA promoter and lead^ 
144-77^ HiimanizBd Heavy Chain; 

144-233 ERl (human parent TSYC 1147-28); 
234-248 CDRl (mouse 520C9); 
25 249-290 FR2 (human paroit TSYC 1147-28); 

291-342 CDE2 (mouse 520C9); 
343^37 FR3 (human parent TSYC 1147-28); 
438-455 CDR3 (mouse 520C9); 
456-488 ER4 (human parrat TSYC 1147-28); 
30 489-779 Ebmaan Heavy Chain Con^ant R^on 
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780^1KT3 tag; 
822-893bp pboA leader, 
894-15381^ Humanized Light Chain; 

894-966 FRl (human parait TSYC 1150-38); 

967-998 CDRl (mouse 520C9): 

999-1043 FR2 (human parent TSYC 1150-38); 

1044-1064 CDK2 (mouse 520C9); 

1065-1160 FR3 (human parent TSYC 1150-38); 

1161-1187 CDK3 (mouse 520C9); 

1188-1220 FR4 (human patent TSYC 1150-38); 

1221-1538 Human Light Chain Constant Region; 

1539-1554 2^1/SagiHI Cloning Sites; 

Hgure 2 repxe&ents a gom^stl sdmne for hiimaniyifig murii^ monoclonal 
antibodies by ovolqqimg PCR. 

Figure 3 iqnesents tte sdione and PCR {nimeis used to produce a 
humanized heavy chain itnIlll lll^o^>^^^^^^ 

Figure 4 rqnesents tte scleme and rcR primers used to produce a 
humanized light chain immunogld)ulin. 

Figure 5 rqjresents the sctone used to imroduce a phoA leader sequmce 
and promotn- sequence in front of a humanized immuiK>globnlin. 

Hgure 6 reptesoits d» schone used to correct an umntoiticHial sequeiK* 
error inade during the production of a Immanized li^ chain derived 
immnnoglolnilin macte according die schone descnbod in Kgure 4. 

^igbt primus and ftmr tranplates are used in three rtwnd of ovuiqiping 
PCR. LWOl is the prima- qiedfically designed for anq>]ifying the 5' aid of the 
phoA seqiKnoe. LW16 and LW17 is a set of complementary junction primers 
which sit at the end of the phoA leader and the beginning of the coding sequence 
in FRl. TTie tempbte pSYC1087 contains the phoA promter and. whoi used with 
primers LWOl and LW17, wiU yield a fragment (1) containing a 5' Hindm site 
and a 3' end bearing sequence for the beginning of PRl. CLC27 is a primer 
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whidi anneals to the aid of FR2 and pait of CDS2. PCE. using LW16 and 
C3jC27, wfth the template "08-11" will result in a product (ED containii^ correct 
FRl, CDRl, FR2 and CDR2. CQn[q>IanQi!ariQr of LW16 and LW17 allow 
annealing of ftagmots I and II in a seomd xouml of PCR, produdng firagm^ 
5 (V). 

CLC26 is a primer wfaidi contains CDRl and partial FR2 sequmoe but 
does m3(t reach amino add #43. CIjC29 is complCTientary to CLC30 and animals 
to ER4 as well as the b^jmnng of tte human chain constant xi^ion. PCR 
with CLC26 and CLC19, using tenqilate "38-18" yidds a product (HJ) containing 

] 0 correct CDSI, incorrect FR-2 containing alanine at amino acid #43 , and correct 
CDS2, FR3, CDR3, and FR4. Smce "38-18" has an incorrect con^ant region, 
"38-17" is used as traqdate for primer CIjC30 and LW20. This fourth PCR 
product ((V) contains correct CDR3, FR4, and human light chain constant region. 
Con^lraientarity of CLC29 and dLC30 at CDR3 allow fragmrats HI and IV to 

: .5 anneal for tiie second round of ov^hq) PCR, producing fragment VI. 

PCR ftagmmts V and VI are complmieotary at framework 2 except at 
amino add residue #43, where in fitagmrat V the residue is tfinsonine (ACQ and 
where in iragm^ VI, the readue is alanine (CjCC). Amealmg of d^e two 
fragments during the final rouml of PCR will yield products which due to the 

10 differing nature of its template, will bear amino add alanine or threonine at 
residue 43. 

Description of Specific Embodunents 

A. Drfinitions 

An inmnmoglobulin molecule may be divided mto sev)^ An 

25 immunoglobulin molecule may conqsrise one or more polypqjtide diains, i.e. a 
multi-polypeptide immunoglobulin. IgG, for exanq)ler consists of 2 heavy (H) 
diains and 2 light (L) dmins. An inumnu^obulin diain typically oontprises 
variable regions and constant regions; the H dmin of IgG oontains oi^ variable 
region and one constant r^on, eadi constant r^on has a difierrat sequence, and 

30 the (L) chain has one variable and one constant region. The constant region of an 
H chain can be further subdivided into 3 domains, eactx of which forms a sej^uate 
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cranpact ti^y folded 3 dnnonional unit. Hie L and H vaiiable n^ans are 
similaily folded into sepaiata conqact units. The variable region of an 
inununogldnilin chain (H and L) may be fiiiti^ divuted into three hypeivaiiable 
ngioas (also called complanemarity (tetennining r^ions, abbreviated CDR) and 
fnir iramewoik v^ifflis (aUneviated FR). The firan^oik r^ims separate the 
hypravaioble unions from each atiser in Qsc Unear amiira axM sfgpaice. 
Conqared to the hypovariable or CDR regions, the ftamewoik regions comprise 
amim) adds dot do mtt vaiy as much b^eoi immuiK)^c4Rilins procbiced by die 
same oi]gamsm and are reascnably fixed in 3KlimeDsi(aal qiace. Fian»wori£ 
region amino adds sequouxs may exhibit more variation within an organism dian 
constant region amino add seqiraices. Hypenrariable legicms, on the ott^ hand, 
vaiy to a much greater extent between individual immunoglobulin molecules 
produced by the same organism, and arc less weU fixed in 3-diniensional space. 
Hie hypeivaiiable r^icms are believed to form a nugor pait of die andgen binding 
lj5 site of an antibody. The fiameworic regrons of die immunoglobulins are beKeved 
to form two opposing beta-pleated she^, which are die basic stiuctural dement of 
die domain. These stiands of die beta sheet are connected by loops of polypeptide 
chain which are diought to contain die hypervaiiable regions of die variable region 
of an immunoglobulin. Interactions between certain framework and CDR residues 
20 may influence die folding of die protein, paiticulariydtehypervariable loops, and 
affisct the ability of die antigen binding site to ieoogiaz& antigoL 

Condant unions of an immunogkdnilin are kxated di^ or C-tominal to 
die variable region. Constant regions may be of a light chain dass indnding 
Jsappi and lambda chain constant regions (aiui die various subclasses thaeof), or 
25 may be of a heavy dmin dass indnding die heavy chain constant r^ions of IgG, 
IgM, IgA, IgD, arui IgE antibodies (and the varicnis subclasses thereof). 

"Operably Joined" refers to a juxtqiositimi aich diat normal function of die 
compraaits can be performed. Thus, a coding seqiK&ce "qjoably ^rined" to 
expression control sequeiu%s refers to a configuration wherein the coding 
30 sequences can be expressed under die control of diese sequences. Such control 
may be direct, diat is, a single gene associated widi a single promoter, or indirect, 
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as in the case where a polyd^nic ttanso^ is e3q)iessed from a single promote. 

"Qmtiol sequence" and "expie^n control seqoace" refer to a DNA 
seqamce or sequences necessary for the ejqnessipn or regulation (transcriptional 
or traaslatinnal) of an q)^ably joined coding sequfflce in a piarticiilar bosL 

S organism. The control sequraces, that are antable for procaiyotes, for example, 
include a promoter, optionally an opemar sequence, a ribosome bii»ling site, a 
tianscrqstion traminator, aiui possible aihsr as yet poorly umto^ood secpimces. 
Eucaryotic cells are known to utilize control sequences, which include promoters, 
polyadenylation signals, enhances, silraxcers, and the like. 

10 The tenn "functional pair" wt^ used widi xe&mtce to ^^riable regions 

(humanized or oth^wise) intoids a s^ of 2 variable regions (one dmved from die 
L chain and one fiom the H chain) that fonn an antigen combining she in an 
antibody. Functional pairs of variable v^ons specific for an antigra of int^est 
may be found in the variable region from the heayy diain and the variable region 

IS ftom the light chain of an antibody qiedfic for the antigen of int^esL Examples 
of functional pairs of variiable regicms incbide the polypqytides flooded by 
nucleotides 144-488 and nucleotides 894-1220 of Figure I (SEQ ID:N01). 

The term "functional proximity" whm used.with refinrace to variable 
regions (humanized or oth^wise) intends that tte functional pair of L ami H 

20 variable regions be qiatially located with respect to eadi other so as to form an 
antigCT combining site. 

The trams "heavy diaiuHtoived' and "light chain-cterived" wbm zppUsd 
to immtmpg^obulins of die subject invention indicate that the variabte region 
hypervariable sequmces in the spodfM polyp^tide are present on ddia the 

25 heavy diain or the light cteun, lespectivdy, of the antibody from whidi the 
hyp^variable sequraces of interest were originally discovraed. 

The tenn "humanized" as i^lied to imnmnogk^Rilins intsids that at lead a 
portion of tihe firamewoik regions of an immunoglobulin are derived from human 
immunoglobulin sequ»ces. 

30 When sequoices are said to be "human", all human alleles for tiie given 

sequmce, in addition to the sequfflce q)ecificaUy nmiplified, are inducted. 
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Moreover, the aibject ijaveatk)n conteniplates that minor aminn add spqtimre 
dianges, including sub^itudons, c^^ions, and ins^ons, typically in tiie range of 
about 1 to 5 amim) adds, may be macte to hntnaniTOH immunoglcrt>ulins ^)ecific 
for c-^bB-2 witlKnit significantly altering the binding ^lecificity of the 
hmnnnftglf ^iliti 

Wl^ a funoional pair of variable regions are "spedfic" for a given 
antigoi (or hq^en), the antigra combining site fonned by tte fia^tional fmr is 
csq>abte of binding to the antigra (or hqiten) of intere^ more stnmgly ibm to 
raiKknnly s^cted molecules. 

10 B. General Desc ription 

The subject invention im>vides for immunogld)ulin molecules with variable 
T^ons comprising the hypervariable regions of the anti-c-eiW-2 q)edfic 
antibodies (in particular the murine monoclonal antibody 520C9), human 
fiamewoik unions, and human constant r^on sequences. In addition to 
15 providing for humanized c-eibB-2-^)ecific immuiK>gl<4mlin molecules, the subject 
invasion also iiK^Iiufes nucldc add sequences racoding the htimnniyivi 
immmu)globulins, as well as cell host systons for the eiqnession of humanized 
immunoglobulins. 

Humahizftd immunogkd^ulins specific for antigens of interest may be 
(rf)taiiKd by preparing iKm-human, prefiMably murine, momxrlonal antibodies 
against an antigra of intraest, d^ramining tte amino add jmpimcf of the non- 
human antibody, jneleTably by isolating (by any of a vari^ of wdl kiKwn gme 
isolation tedmiques, inchuiing PCR) ami sequetunng cDNA sequem:es encoding 
the chains of the non-human moiKx:lonai antibody of interest. Tte aminn add 
25 sequCTce of the hyp^variable regions of the non-human monockmal antibody may 
then be compared with caiu>nical framewoik region sequ^ices and hypervariable 
r^icm amim) add sequou:^ of human inmiuiK>glcrtmlin variable regions so as to 
d^ermine whidi amino adds must be changed to humanize ttie non-human 
sequCTce. Guidance for selecting the irameworic sequ^ices and hypervariable 
30 sequraces witiiin the variable r^on of an immunoglolmlin can be found in several 
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publications, induding the artide by Chothia, ^ aL Nature 342:878-879 (1989) 
and the book Antibody Eogineering: A Practical Guide. Borrefaaeck ed„ W. H. 
Fieanan and Co. inibHd^. By c^etmining wfau^ sequsu:es in the 3K>n-faunian 
immunoglobulin g^ie specific fior tiie antigm of imerest ccm^itute frameworic 
regions and which con^itute bypovariable regums, it bQCom^ po^ible to 
^tfaestze a variety of humanized immunc^lnlmBns having an antigm specificity 
similar to tiiat of the non4iuman immunoglobulinthal s^ves as tiie infonnation 
source for the sequnce regums. 

Hnmanizert variable regions spedfic for c-^bB-2 may be joined to a human 
1^0 constant region(s), or portions tiiereof. Joining of a humanized variable region to 
a constant n^on gives rise to a polypqdde in which the amino-terminal portion 
comprises the humanized variable n^on aiui the cartxixyl^-termihal portion 
comprises human constant r^ion sequence. Such constructs may be r^med to as 
*'hypeicfaimmc". Humanoed ligjtt chain-<terived variable regions may be 
operably joined to light chain constant r^ons so as to form functional 
inununoglolmlin chains. Similady, hnmflntTari heavy cfaain-cterived variable 
regions may be operably joined to heavy chain con^ant regions so as to form 
functional immunoglofailin molecules. In a piefi^rred embodimrats of the 
invmtion humanized light chain-derived variable region is <q)^ably joii^ to 
20 human light diain con^ant region, and humanized heavy chain-f^ved variable 
r^on is op^ably joined to a human heavy chain constant iegion(s). 

In addition to providing for hnmnntTwr immunogloinilins q)edfic for c- 
»hB-2, the ^ject inv^ition also provides for vaiicms polypqttiites (and 
corresponding nucleic add sequ»K:es) con^prising portions of c-^B-2 q»ecific 
25 humanized iinmuxu>giobulins, in particular 11^ variable region portion of the 
humanized immunogiobulin. Furthermore, the »ibject invention provides for 
various derivatives of c-erfaB-2 spedfic ioununogldmlin chains that con^mse 
additional polypqitide sequ^u:es. These additional polypeptide sequraces may 
have any of a vari^ of functions including, razymes, toxins, antig^c tagging 
30 sequ^ices, and the Hke. 

Many modifications and variations of faima^jyi^d variable region sequraces 
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within the piesast doion^iative nucleic acid seqomre of Figure 1 (SEQ ID: NO 
1) are possible. For example, the d^^^racy of the goietic code allows for the 
substitution of nucieotules (which can be used or opdmized in accordance with 
codon usage patterns for expression in various ho^ cells) tfannighout the 
S poiypqtide coding r^icms, as well as for the substitution of the tianslational stop 
signal q)ecifically exaiq)lified. Such sequences can be deduced from the known 
amino add or DNA sequoKre of the S20C9 antibody chains (ami the constant 
r^ons or antibodies of diffeirat classes) ami can be constructed by ccm vrational 
synthetic piocedures. Sudi synthetic methods can be carried out in gihgtanriai 

10 accordance with the procedures of Itakuia. ^ al.. 1977 Science 198:1056, Crea, 
SLM. Proc. Nat Acad, Sci. USA 75:5765 (1978). In addition, synthetic genes 
(and fragments thereof) ami linkers can be synthesized either by using a Systec 
1450a DNA synthesizer (Sy^, Inc., 3816 Chamiler Drive, Minneapolis, 
NOnnesota) or an Apph&d Biosysteans 380a DNA synthesizer (^^lied Biosystrais, 

15 Inc. 850 Lincoln Caxter Drive, Foster City, California 94404). Many other DNA 
synth esi zin g in^mmrats are known in the ait and can be used to make synth^c 
DNA fragmrats. Tterefore, the presoit invention is no way limited to the DNA 
sequemres q>edfically exmplified. 

A preferred method of synthesizing nucleic acid sequences racoding 

20 humanized immunoglobulins is by mrans of overlapping PCR. Hie tedmique of 
overiapping PGR is described in the article by Hoiton, ^ al, Gene 77:61-68 
(1989) ami in U.S. Patent No. 5,023,171. Tte technique of overiapping PCR may 
be used to produce a humanized immunoglobulin by peifoiming ov^iaj^ing PCR 
on cDNA sequem:e from a human inununogli^mlin g»e widi the a g ro pria te 

25 oligonuclec^ide primers. 

In brief, the technique of PCR ^lidng by overiap ext^ision is as follows. 
PCR oligonucleotide prim^ pairs are prqiared. Each oUgomiclec^ide primer 
comprises ess ent ial l y two regions, a 5' region containing either sequorces 
^coding a restriction endonudease recognition site or a portion of 

30 compl^entarity det^mining region (CDR) from a non-human inmiunogldbulin 
gene of interest, and a 3' region complementary to a framework region adjacent to 
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tb& complsnratanty d etenumii ig n^on to wtddi tiie 5' portion of the piimer is 
complemoitary. Sets of sudi PCR pnmfflrs aie piqme d for each ficamework 
region of the human immunoglobulin g^ie that will furnish the human sequences 
for humanizing the mm-huinan immuno^rimlin gme of intercsL Tte primers are 

5 constnu^ so that S* and 3' regions that cocte within the same CDR region are 
ov^qyping. Anad\^ntageof u$ingovaiqq!iiig PCR to synthesize a 
sequmce encoding a humanized non*human immunogteimlin swpienrg is in the 
minimization of restriction digest/Iigation reactions and oligoimcleotide synthesis 
reactions. The 5' CDR complementary regions of the PCR primers are 

10 conq)Iemeoiaiy to the CDR complsnemary regicms of PCRprimm that have 3* 
regions complementary to adjacent irameworlc regions. As indicated in Figure 2, 
rq)eated rounds of PCR give rise to a tuicldc add seqw^u» comprising the parent 
human immunoglobulin sequence in all regions excq>t for the conq)lranmtarity 
determining regions, diese regions bdng c^ved from die complemoitary 

IS det^mining r^ons of non-human imnmnogkHnilin goes synthesizing an 

immunoglobulin q>ecific for the antigen of mtraesL However, smaU portions of 
murine framework sequence ^pmrdculariy the canonical residues d^ctibed by 
Chothia, et al.) may be required in order to generate an active antigra combining 
site. 

20 The humanized immunoglobulins diains of the subject invoition are • 

prefi^ably utilized in the form of multi*poIypeptide immunoglobulins cotqnising at 
least one humanized immunoglobulin variable region ftu^tional pair. In multi- 
polypq}tide humanized immuno^obulins conqirisihg variable region functional 
pairs, die variable regions of the functional pair are preferably localized in space 

25 (the pair monbers are in functional proximity to each other) so as to form an 

antigm combirnng sit& in whi£±i the antigm binding site is, at least in part, formed 
by the hyp^variable regions of both the li^ chain-derived and heavy chain- 
derived hypervariable regions of 52QC9 or odi^ c-erhB-2 specific antibodies. 
However, the H diain variable r^on ohea contributes more that the L chain 

30 variable region in the interacdon widi antigen. 

Single humanized immunoglobulin chains may be joined to each other so as 
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to fbnn multi-polypeptide imnumoglcdmlins by a variety of means. Such joining 
means include both ionic interactions and covalent bonds. Hie means of joining 
individual immimc^ldKilin diains so as to form a mutti-polypeptide 
immunoglobulin are prefiCTbly, altbcragfa not necessarily, by means of covaient 
S linkage. The preferred m^ns of covalrat linkage is by means of disulfide bridges 
between cystdne residues located within the humanized immuroglc^mlin phfling of 
interest; however, covalent linkage may also be effected through the use of cross- 
linking reagents wch as dimethyl-3,3*dithiobiqnopiommidate, N-(4-azidophCTyI) 
phdtalamide, and the like. Humanized immunoglolmlin chains may be joii^ so as 

10 to produce multi-polypqitide immunoglobulins moleailes ^nu:tuially analogous to 
antibodies or fragmrats ti^neof, including Fab fragments. Fab' fragmrats, F(ab')2 
fragmrats, Fabc fragmrats, Fd fragments, Fr fragmrats, Fv fragments, single 
chain Fv ftagments, and the like. The available lit^ature provides for m^ods 
for producing antibodies ami fi a giueuls thereof from polypei^des synthesized by 

IS recombinant DNA and in vitro ^mtl^is techniques. 

Hie humanized immunoglobulins of the subject invration may be 
conjugated to a variety of therapeutic moires. By tha;q)eutic moieties it is 
intended a variety of compounds or atmns that find use in the treatmrat or 
detection of disease conditions. Compounds that find use in treating disease 

20 conditions inclucte toxins (or active portions tl^eof) such as diphtheria toxin, 
ricin, or Pseaidomonas exotoxin, enzymes, conventional dmgs and prodrugs. In 
general, the humanized immunoglobulins of the subject invration may be 
derivatized by kiK>wn mettod for conjugating thenqiattic moieties to antibodies so 
as to produce highly q)ecific drugs or imaging agrats. Oth^ thmpwtic moires 

25 of interost for coxijugatk)n to tte humanized immunoglcdmlins of tte object 

invention include ladio-c^iaque imaging agents. Hierapoitic moi^ies also include 
radionuclides for use in imaging or in irradiating tissue, such as '*%e, 
^'Cu, ^*At, "3i, and the like. 

Humanized inununoglotmlin sequences may be modified by tite addition of 

30 a variety of a secretion signal sequences prefnable joined to the anuno terminus of 
the humanized inununoglotmlin polypeptide. Secr^on signal sequraces (also 
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lefened to as "signal seqaraces") seive to piovid& a signal to the seoi^n 
" madrinery '' of a cdl to export polypq>tides bearing such a sequsice. Hie use of 
signal sequem:^ to direct the cellular localization and/or export of polypeptides 
not naturally joined to tte signal sequrace, i.e., l^iaologous wiA respect to the 
signal sequence, is well known in the fkid of xecoixd)inant goie e?q)ression. Thus 
signal seqaoces may be used to sinqilify the pioce^ of purification of tte subjects 
polypqptides from recombinant cell e^qnession systems for several reasons, 
inchiding obviating tlie need to lyse host cdls and the need to produce subcdlulax 
fractions enriched for the polypqytide of int^esL Leacter seqimces typically 
comprise a charged amino add at the N-tCTunus followed by a short hydrophobic 
amino add sequ mc cs, Leado* sequences may be sdected on the basis of the 
cellular expr^sion syston used to synthesize the hitmanfyarf immunoglobulin 
polypeptide. Signal sequraces are pr^uably selected so as to be removed dther 
completely or substantially from Ae humanized immunogId}ulin sequence of 
intcresL The actual leacter sequences employed will vary in accordance with the 
choice of cellular e^qnession syst^ selected. Although leac^ sequences are 
known to direct the localization of proteins in hetmlogous esqiression sy^ems, 
i.e., host cells not naturally producing the protein that is the source of the signal 
sequence, it is preftnable to use leader sequoures from polypeptide naturally 
^qnessed in the cellular esqnession hc^ When expressing humanized 
inununoglobulins in bactedal systms, a PhoA, Le., alkaline phosphatase, signal 
sequMce is prrferably used for exoremon in R coli. Otto* bacterial protem 
signal sequCTces of intej^ indnde those ftom the oinpA and pelB genes. For 
e7q>ression in mammalian cells, the use of an immunogloimlin leader sequ^ice is 
preferred. For expression in yeast cells, an ai^ha fectoriead^ sequence, among 
others, may be used as a signal sequmce. 

Hie h umaniz ed iinnniiK>gIobulins of the ssA^ocx invration may or may not 
contain "tag" amino add sequraces, Sudi "tag" sequaices are short amino acid 
sequence, normally no more ttem 20 amino adds in lengdi, pr^iraable less dian 15 
amino adds in length. "Dig sequences may be inchided m the amino add sequrace 
of the subject humanized immuno^obuKns for the purpose of purifying, detecting 
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(or quantifying) tiie polypeptides of the subject invation by use of antOxxlies, 
including monoclonal antibodies, (or stmilar reagoits) capable of specifically 
bimling to the tag sequoKs. Tag sequences without attached inummoglobulin 
amino acid sequences may be symfaesized is vitro using variwis wdl-known 
techniques, incbidmg ccmmierciaUy available polypeptide synthesis machines. The 
in 3d£lB synthesized tag sequences may then be injected into suitable animals so as 
to induce an immune leqxmse directBd to the tag sequoux. Antibodies qiediic 
fin- a tag sequotce of interea may also be prepared by immunizmg an wninwi with 
a protein having a pnmaiy amino add sequoice diat indudes die tag sequence of 
interest. Tag sequoices are preferably attached at or near the COOH tenninal end 
of immunoglotniUn molecules. A tag sequotce of paiticular intoest is a sequoice 
recognized by the KT3 monoclonal antibody. An amino acid sequraice lecognized 
by KT3 is TPPPEPET. Another example of a tag sequence that may be inserted 
at the caiboxy tenninal (or intranally as well) of an immuiK^ldmlin sequooce is 
the sequence EEEEYMPME. (Gtussemnever. etal.. Proc. Natl A«.H Hd^ ttca 
82, 7952-54 (1982)). 

The hnmanir pi d immuimglobulins of the subject invraition may be expressed 
in cellular hosts after the sequoices oicoding the humanized immunoglobulins 
have been opoably joined to «q>ression control sequem»s. Nucleotide sequoices 
for expression may be convmioitly q)erably joined to expression control 
sequoices by insertion into restriction sites in expression vectors. Expression 
vectors may contain expression control sequences located near usdiil lestiiction 
sites, and are typically rqilaceabte in the host organism w»t»»r as extra 
diromosomal elonents, such as plasmids, or as an int^ral part of die host 
chromosomal DNA. Expression vectors may contain selectable maikeis, such as 
antibiotic residance, to pomit doectij^ of ±ost cells transformed wifli the 
nucleotide sequences of mtoest, see for example U.S. Patent No. 4,794,362, 
which is boon incorporated by r^ootce. 

The polypqitides of the subject invoition may be oqnessed in a variety of 
ceU types. The literature available to those skilled in the art describe numerous 
cellular expression systems for polypeptides of interest and expression vectors for 
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use in those systems. See for example M^fi^^^ ^ Enzvmology Vol. 185. 
Goecbld, Academic Press (1990). Humanized in]inaiK>^cd)alins may be recover^ 
and purified firom recombinant lK)st cdls using conventional y^hniqiies for 
lecov^ and purification of recombinantiy produced pn^eins. 

Nucleotide sequences ocoding hmnanized-imnmnoglobulins may be 
expre^ed in a variety of cdls. Cells for e3q>iession may be eidter eukaiyotic or 
prokaryotic. Prokaryc^ boas of intee^ include Bacillns s p^ffiiig, wM ag 
other Bacilli, nt^bact^iaceae, sudi as g. coli. as Wdl as various Streptomvces . 
^^^TOinifft^q, Senratia. and PsCTdomonas species. Among piokaryotic host ceils 
to species, £. £q1| is paiticulady prefoied because of die great deal available 
literature dealing with expression in E- 

Other micn^ial organisms, such as yeast, may be used for expression of 
the subject humanized immunoglobulins. Saccharomvces cerrevisae is a preferred 
non-bactoial microbial aq)ression host. 
15 Oth^ non-mammalian eukaryotic e)q)ression host cells of int^est mdude 

insect cells that may be used with bacoilovirus ej^ressioa systems. 

In addition to the use of microbial, and inv^tebrate cells, mflmm:^!!^!^ cells 
grown in tissue culture may also be used to produce tbe polypeptides of the 
present invCTtion. The polypeptides of the present inv^on may be expressed in 
20 any mammalian cell sy^m that may be used to expr^ immunoglcdmlin 

polypqptides. Eukaryotic cells are preferred cellular hosts for the expression of 
subject polypeptides as opposed to mm-mammalian cdls, because of tiie numerous 
advantages asso ci a t ed with usmg mamniaHflii cdls, sudi advantages iiuducte 
suitable signal-sequence processing, glycosyladon, secr^on machinery and the 
25 production of fiurctional fuU-l^igth immunoglobulins. Mammalian cells for use as 
expression hosts inchide CHO cell lines, various COS cell lines, HeLa cells, 
SP2/0 and Oe like. 

Host cells for the expression of the polypqjtides of the presait invention 
may be graetically manipulated so as to produce oi^, or more humanoed 
30 immunoglobulins. Wfaai two humanized immunoglobulin chains are produced by 
the same cell line, it is of inti^est to produce a first immuno^obulin diain having 
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a hinnamzed variable legion that comprismg one mmiba' of the funcdonal pair of 
variable r^ions q)ecific for C'eibB-2 and a second immunoglobulin chain 
conqmsing the other monber of the same fun^ional pair of variable regions for c- 
^bB-2. Thus, by producing cells gewticaHy mantpiiatflri so as to ejqni^ two 
S such humanized immunogidmlins chains, muIti-polype{rti(te immuiK>globuIins 
comprising a functioi^ c-eibB-2 antigra binding site may be produced dther in 
vivo , or m the supematants of cell cultures. 

In addition to the production of humanized immunoglobulins by 
recombinant mediods, automated eqdpmrait for the direct synthesis of polypqmdes 

10 disclosed herein is commercially available. Such equqmient provides access to 
peptides of the invention, either by direct synthesis or by synthesis of a ssiios of 
fragmoits that can be coupled using oth^ known techniques. 

The humanized immunoglolmlins of the subject invration and 
pharmaceutical compositions thereof are paiticulariy usdul for parenteral 

IS administration, e.g., subcutai^ously intramusculariy or intiavaiously. The 

compositions for par^iteral administration wiU typically comprise a solution of the 
humanized inununoglobulin dissolved in a physiologically accqrtable carrier, 
preferably an aqueous earner. A variety of aqueous carriers can be used, e.g., 
water, buffered water, physiological saline, 0.3% glycine, and the like. Solutions 

20 for parmteral administration are preferably sterile and grai^ally free of particmlate 
matter. Compositions for parentetal admioistration may be lyophilized for 
conv^iirat storage and rehydrated prior to use. These compositions for parmteral 
administration may be sterilized by convmtional dralization techniques. The 
compositions may contain phaimaceutically acceptable auxiliaiy substances as 

25 required to sqjproximate physiological conditions sach as pH adjusting and 
buffering agmts, toxicity adjusting agents and the like, for example sodium 
a c cte t e, sodium chloride, potassium chloride, calcium chloride, sodium lar ^re and 
the like. The conoratration of humanized inununoglolnilin in these formulations 
can vary widely, i.e., from less than about 0.5%, but uaially at or at least about 

30 1 % to as much as 15% or 20% by weight and maybe selected primariily based on 
fluid volumes, viscosities,etc., in accordance witfi the paitioilar mode of 
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administration sdected, 

Ute invration having be» described, die following exanq)les 
to illustiatB the subjea invention by way of illnstration, nc^ by way of limitation. 

Example 1 

Overview of Production of NwMc Add Seouences Encoding 

In ovciiap extoi^m, PCR is peifonned with primexs tiiat have 
complementary 5' ends so Aat prodo^ from a first rpmid of reacticms can be 
mixed, mdted^ and reaimealed to piovufe a t«npl?ste for the syndesis of longer 
10 extrasion products in a second round reaction. To humanize the murine antibody 
of interest, primers were designed whose 3* aids axmeal to human frameworks, 
and whose 5* &ads eith^ contain cloning sites, or oicode murine 520C9 CDR's. 
A gmml schone for humanizing an antibody is ^own in Kgure 2. The first 
round of PCR utilizes DNA taq)lale from the selected human parmt TSYC 1147- 
15 28 or TYSC IIS0-3S and results in four individual fcagmmts, each containing 
eith^ human FRl, faumtan FR2, human FR3 or fannmn FR4, flanked by doning 
sites and/or CDR's. 11^ FR4 fragni^ is large because it also contains the fir^ 
Cm domain of the human constant region. The next round of PCR involves 
annealing CDRl arms on first round pnxhicts " A" and "B", and reailts in a longer 
20 fragment. which ccmsists of, in the 5' to 3' direction: a clonirig site, human 
FRl, mouse CDRl, humanR2, and a primer goierated CDR2 arm. The other 
round two reaction anneals mcHise CDR3 arms on first round products "C° and 
"D", andpnx&ice5afiRagmatcomaiQinghumanFR3, FR4 and constant regions. 
Tliis second round product, "F", is flanked at its 5' aid by mouse CDR2, and on 
25 the 3' md by anoth^ cloning site. The final round of PCR anneals die 

conq>lQiientary CDR2 ouis in fiagm^ and "F" and creates the conq)lete 
humanized 'G" fragmrat 

The "G" fragment is placed into an e}q>ression vector. Heavy and light 
chain "G" fiagmsits um^go sqiarate restriction dig^ for ligatidn into their own 
30 pUC vectors and are transformed into E. ssH host DGIOL Transformants are 
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i screened for fee presmcc of inseru and DNA firom several potmtial candirfates is 
sequmced. Ckn^ with the correct sequence undet]go ancnher round of PCR with 
piimers designed for incoiporation of a i^A promotor/lead^ sequCTce in front of 
the antibody coding sequence (See Hgure 5). Tte PCR pnxhict containing phoA- 
S antibody sequemre is digested and clomi into a pBR322 based vector and 

transformed into ^2U host MM294. Transfonnants are screened, ami potmtial 
candidates are idoitified and sequoKaed. Clones bearing the correct sequence of 
each chain are induced for expression on the putative humanized imnmnoglobulin 
and checked for expression by We^em analysis. Tte final constnict to pnxhice a 

10 humanized Fab fragment is made by combining the light chain coding sfqufuce 
with the heavy diain coding sequmce. Hiis last process involves a PGR siep and 
a restriction/Ugation step. 

Selection of Human Parsnt Framewoik 

15 Human frameworlcs, or "paraits", were chosm by a "TFASTA" computer 

alignment whidi gei^ated the tra best fits with human immunogldmlin sequaces 
in the searched database. The selection was based on overall similarity of amino 
acid residues b^era the human and tte original mouse 520C9 sequoice. The 
human sequrace database was produced by cloning approximately 100 heavy and 

20 light chains of inununogl<*ulin ga^ firom EBV transformed human cells, and 
subsequMtly sequaidng the cloned gmes. In addition, botii L ami H diain 
variable regions wctb sequenced firom cDNA cc^ried firon human perqjteral blood 
cells using piimm that were designed for PCR anq>lification of the V idivions 
into tte adjacrat con^ant domain ttese sequ^ices and conqmed with tte mouse 

25 variable regions that were to te hyperdumerized. 

Tte chc^ human framework must not interfile with tte presMtation of 
die mouse CDRs to tte taiget antigen. Ctethia, a al. Nature 342:877-883 (1989) 
hypc^esized that a anall rqpotoire of "canonical" conformations of hypervariable 
regions exist ami the structure of a given CDR is strongly influraced by a few 

30 amino add residues at key positions. Such canonical residues arc found in CDR 
and FR r^ons. Tte human frameworks selected for each chain have canonical 
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lesidoes similar to that of the mcnise antibody. 

According to the theoiy of Clu>thia, ^ gL, the heavy dmin canonical 
residues of special importance are amino adds #26, 27, 29, 34, 55, and 94. In 
the moose 520C9 heavy chain, ttiese r^ctoes are, in ord^, Gly, Tyr, Phe, Met, 
Gly, and Aig. In the best fitting hmnan heavy diain paiem, TSYC1147-28, all 
canonical r^idoesmauA^ccq^ #34, which is an isolradx^ instead of a 
methionine. No oth^ human paroit within tf^ top five select for overall 
sequrace similaii^ nmtched b&Ojer than TSYCI147-28* Thus, TSYC1147-28 was 
du>sm as the human heavy chain fiamewoik par^ for grafting with mcnise heavy 
10 chain CDR's. 

light diain cammical residues of spedal inqxntaxm are amiiK) acids #2, 
25, 29, 33. 48, 64, 71, 90, and #95, In the mouse 520C9 Hght chain, the residues 
are, in ordar, He, Ala, He, Leu, lie, Gly, Tyr, Ghi, and Pro. In the best fitting 
light chain human parent, TSYCl 150-38, eight of mi^ reskbes match. Only 
15 residue number 71, where pt»iylalanine rq^laces tyn^ine, <toes wft match. The 
second best fitting light chain human iKUmt, TSYCllSO^, matches Bt only six of 
the nine canonical residues. Anuno add #29 is Im^ instead of isoleudne; #71 
is phenylsdanii^ instead to tyrosme; and #95 is ph^ylalanine instead of piolme. 
Two human light chain frameworks, TSYC1150-38, and -08, w^ chosra for 
20 grafting of m<nise light diain CDR's. Humanization of 1^ diain has bera 
completed with only TSYC1150-38 as parent. 

Etesim of Primers for Framework Grafting hv Overiannin^ PCR 
Tlie expected sequmces for heavy ami li^ diain, from humanization of 
25 mouse 520C9 CDR*s with hmnan par^franaewoiks, is givra in figure 1. Eight 
primers for each chain w^ cfesigned based on the sdione presented in figure 4. 
Each prim^ contains two r^ions, one bearing sequrace which ann^^ to human 
fiameworic, and fte otter eith^ containing a cloning site or bearing seqa^K:e 
wMdiMCodes fora mouseCDR. Half of tiie primers arc upstream Gocated at the 
30 5' end of the reaction) primers and tte other half, downstream (located at the 3' 
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end of the reaction) primers. Each PGR reaction lequiies one iq>stieain (front) 

ami one downstream (back) primer. A short e?q)ianation of each primer follows 

(The abbreviations HC and LC refw to heavy chain and light chain, re^)ectively): 

CLX:n(EC) or CLC24(LC):(ivatrcam) 

5' md contains cloning sites idel^Q or SacI(LC); 
3* Old anneals to FRI. 

CLC18(HC:) or CLC25(IjC): (downstream) 
3* end anneals to FRI; 
S* end QKmtes for CDRl. 

CLC19(HC) or CLC26(LC):upstream 
S' end racodes for CDRl. 
3' end am^als to FR2. 

CLC20(HC) or CLC27(LC): (downstream) 
3' end anneals to FR2; 
5' end »codes for CDR2. 

CLC21(HC) or CLC28(LC):(upaream) 
ad encodte for CDR2; 
3' end ann^ to FR3. 

CLC22(HC) or CLC29(LC): (downstream) 
20 3* end anneals to FR3; 

S' end encodes for CDR3. 

CIjC23(HC) or CLC30(IjC): (upstream) 
S* end oicodes for CDR3; 

3; ad anneals to FR4, for extosion thnmgfa human constant 
25 region. 

SYP12(HC) or SYC324(LC);(downstream) 

3' »d annals to the end of the HC or LC 

constant region. 
5' rad contains cloning sites SpelCHC) or X^(LC) 

Tlie heavy and light chain "G" fragments w«e dige^ with restriction 
enzymes in sqarate reactions and cloned into tteir own pUC vectors. Ligations 
WCTB then transformed into DGlOl host Potratial clones were idratified by 
colony PCZR or by mmiprq> analysis and were sequoK^d. lliecorrBctty 
humanized heavy chain in pUC was found in clone TCC19-4 



30 
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D^en of Primers for pboA Incorporarion 5^ to the Humanized Heavy C> >in 

Fourpnn^s, W to Z, as siu>wii in figfnc 5, aie neected for tbe ovcdap 

cxtwision PGR tbat incoipoiates phoA pnmimor and leac^ seqi^iu:^ in front of 

immmiog&^mlin coding sc qiien oes, Eadi piim^ in tiie figure is discussed below: 

Primer W ammals to a portion of ttie plasmid p5YCI087 atead of a region 

ei^oding for ti^ phoA prmnot^ and Jcader sequence. Hie prim^ can be divicted 

into two pans. One part anroals to pBR secpience, the plasmid b^dx)i^, and tiie 

oQi^ anneals to r^tricdon sites which precede phoA seqi^ices in pSYC 1087. 

10 W: (HCorIX) 

LWOl: 5'-<5GC?G ATCGAT AAGCTT GGG CTGCAG GTCGAG 
pBR322 sequmce ffindni 2al SaB 

Primers X and Y togetter create an in-fiame junction b^een die end of 
the cboA lead^ and tte sequrace encoding human amino add #1 in the antibody. 
These prim^ sets are spedfic for eadi antibody. Th^ are oftra niodified to 
encode for amino adds that are missing from the human parrat sequences. For 
example, immediatdy following, Le. 3' to, tte phoA sequaK^es, the primes for 
die humanized 52(0 teavy diain jin^on region racode for die fira: sfac human 
consensus amino adds found in Kabat. al. . Sequences of ^ins nf 
MmPWPfttoagal WUfflTPSt 4th ed, U,S. Dep. HHS (1987). It is necessary to supply 
diese amino adds because die human library was crrated by primers which start at 
amino add #7 of the heavy diain. 

Y: (HO 

LW13: r _ I GAG ATCCAACTGGTGGAG [TCTGGGCCTGAG 

25 GTG 

LW14: GGA CAC TGTTrr CGG | CTC TAC GTT GAC CAC CTC I ^5' 

Xz (HQ 

end of proA Ecsler Ist m c<mienro hmnan start of FRl in 

HC aoL from Kabat TSYC 1147-2S 



35 Primer Z is a back primer whose 3' end anneals to the final nucleotides of 



LWI6: 5'-CCTGTGACAAAAGCC | GAC ATC CAG ATG ACC CAG 

LW17: GGA CAC TGT TIT CGG j CTG TAG GTC TAC TGG GTC— 5' 
X: OLC) 

eml of phoA leader stait of FRl in TSYC 1150-38 
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the human heavy or light chain con^ant region. Its S* ^ui contains cloning sites: 
either for heavy chain, or Xtml for light chain. 

Z: (HQ 

LW15: G TTG TTC CAC CTG TFC TFT | TGA TCA I CCC C— 5' 
tad d human heavy chain Spel 
coMiaai ngioo 

Z: (LQ 

LW20: AAG TTG TCC CCT CTC ACA | ATT A | GAG CTC CCT AGG CGG — 5' 
end of hnman light chain STOP Xhol BamHI 



The products were restriction digested with ifiodlll and Spel and were 
cloned into a pBR based vector with an ampicillin selection marker. Downstream 
from the Ss^ site, the vector carried the KT3 peptide sequ^ice, NHj -TPPPEFHl - 
COOH, m frame with tbc heavy chain peptiite and tte g. thurinriCTsis crystal 
IS protein transciiptional terminator. Transfbnnants in MM294 were screened for 
ins^, and several dones bearing insiNt were sequoiced, LW1S6 contained 
correct phoA promoter and leader sequences and correctly encodes for the 
humanized "S20C9-28" heavy chain. 

^Sjcaimple 5 

20 PhoA Incorporation Ahead of Humanir^ pght Chain 

The wrong traiplate was inadvotently used to create the "G" ftagmrat ( 
''G" as in the Figure 2 sd^e). The mi^ake was not realized until sequencing 
revealed that one of the humanized light diain "G" fragments for pairat 
TSYCl 150-38 matched that of tte desiicd fused ctone. Instead of starting over and 

25 creating a r^ "G" fragnmit using the correct traplate, the sequ^iced fnatftrinig 
were modified. AmirK) add alignmCTt of sequenced clor^ with die fused 
"520C9-38" sequel^ indkated that done "38-18" most resonbles tte d^iied 
sequence. It contained one raor at amino add 43 (in framework region 2, i.e., 
FR2), changing alanine to dneonine and otb^ errors in the constant r^on. 

30 Overlap PGR was p^onned (see Figure 6) to create the correctly fused 

light chain sequence by using traiplates which were correct for different regions of 
the variable and the conaant region, and at the same time, to incorporate the phoA 
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juncdon. pSYC1087 was used as the phoA t0iq)late. "08-11'' was used as a 
raxq>Iate forFRl, CDRl, and FR2 because itpo^essed the conea amino add, 
thieonii^, at position #43. "38-18" was used as the template for FK2, CDS2, 
FR3, CDR3, and FR4. Anotto" done, "38-17" was used as template for the FR4 
and the con^ant region. Existing pnmeis w^ used to create products which 
would anneal to eadi c^h^ in second and dmd round extensions. Primer W, 
LWOl, and li^ chain junction primer Y, LW17, wm used to anq>Iify 
pSYC1087. Light chain junction piimM- X, LW16, and CXC27 amplified "08- 
ir. CLCZ7 was described earlier and anneals to FK2 and CDR2 r^on^^ 
10 CLC26 and CLC20 amplified "38-18". CLC26 anneals to GDRl and FR2, while 
CIJC29 animals to FR4 and part of the constant region. CLC30, a p^ect 
complonent to €3X29, and Z primer LW20 amplified "38-17" to provide the 
correct constant region. 

In the second round, lOl pnxfaicts fiom pSYCI087 and "08-11" were 
15 mdted, reaimealed at the phoA-FRl junction, and extended to create a longer 
fragm^diat contains correct sequau:e up to CDR2. Products from "38-18" and 
"38-17" were melted, reannealed at flie CLC29-20 juruaion, and extraded to form 
a longer fragm^t, which contains seqiraice from CDRl to the end of die con^t 
region. The lat^ second round fragm^ carries the incorrea amino add #43, 
20 alanine, from its imem "38-18", and is the scmrce of t^ 

extfflsion step. Hie two second round products melt and anneal at a large region 
racompassing CDRl, FS2, and CDR2, and extend to potoitially fcmn the final 
phoA'humanized light chain product. A problem occurs because tbsa are two 
templates for amino add residue 43, wl^e one oicodes for threonine and die 
25 other, for alarune. Because at lea^ half of the twnpiytes for that position are 
incorrect, the same proportion of the final products will also bear that error. 

The PGR products wrae digested wifli QmPH and Xhol and were ligated 
into apBR322 based vector, sunilar to the oi^ for die heavy chain, but mmus the 
KT3 tag sequrace. Transformants in MM294 were screened by colony PGR and 
30 by minipr^ restriction analysis, and potential candidates were sequenced. Clone 
LW206 contains the correct plK>A promote and leader sequrace, and correct 
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variable and con^ant r^on amino add sequence for humanized "S2{K;:9-38'' light 
chain. 

Crnismicrinfi qfHim^^\f^ 

Pla^d from humanized teavy diain in tte phoA expression veoor, 
pLW144, was cut with Nsil and Xho l and purified. Separately, a rcR reaction 
was perfbnned, using doi^ LW206 9s template, to add a site atead of die 
phoA leacter sequeiK^e. Restriction die^ of tte PGR product with Nsil and Xhol 
resulted in a fragm^ of approximatdy SOObp ready for cloning bdiind the heavy 
chain V g^^. ligation and transfonnation (TLW170) into MM294 E. g^y host 
resulted in a laige number of insen-bearing clones. Cbnes TLW170-1 and 
TLW170-3 were sequmced ami confirmed to contain correct phoA, heavy chain, 
the KT3 tag, and light chain sequences. 

Example 7 

15 Pa^ificatinn i^fmmm^7S^ f^7XiC9 E. Coli Expressed Fab 

One liter of ceU culture E ^ strain TLW170-1 was inoculated and 
induced for e3q>ression of the plasmid ^Kxxled proteins for about 8 hours. 

Low Phosphate Induction: 

A tube or flask containing Hi P medium [High I4ic^hate Medium (Hi P): 
20 = Low piuxsirfiatB medium with 10 mM in KH2PO4 was inoculated with a colony 
of the cells to be induced ami grown at WC overnight on a sfaak^. Cells were 
collected by centiifugation and washed 2X in equal volumes oif Lo P medrnm 
[Low Phosphate Medium (Lo P): IX MOPS, 0.4% glucose, 0.15% vitamin free 
casamino adds (LS9), 2 /ig/ml Bl (thiamine), 0.1 mM KH2PO4, antibiotic 
25 (ampicillin, 50-100 §i^wl] and resuq)ended in km phosphate medium (10 

mis/tube). Th^ cells were resuspended in tte original volume in Lo P medium 
and th» diluted 1:50 into fresh Lo P. Tte cells were incubated at 30^C for > 6 
hrs to ovmught on a shaker. The cdls should achieve a final of 
s^roximately 1. 
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CeOs were lemoved by cmtnfiigation at 10,000 ipm for 30 min. and 
washedonceinSO miof FBS/Nal«^. Tliey weie ^oied at -2°C. 

The pdl^ iesuq>en(fed into FBS/NaN3, one peil^ into 25 ml and the 
second peU^ 40 ml. Tte first was xefrazoi at -20''C and thawed at ST'C a total 

5 of four times tnrinrftng ^ initial thaw. The second pdlet, was sonicated fcmr 
times of two annate duration. Bc^ the fiteeze/ttaw and sonicatidn mixtures were 
coitiifaged at 10,000 ipm for 30 miputes. 

The following sample wm saved for analysis by ELISA: A-cdlsin 
growdi media, B-growth media from the first cratrifiigation, C-first centiifugation 

.0 peli^ FBS/NaN3 wash, I>fieeze/diaw pellet, E-fieeze/tfaaw aipematant (25 ml), 
F-sonication pdl^ ami G-sonication supernatant (40 ml). 

An SDS-PAGE nonredudng gel analysis was performed on samples A 
through G. Coomassie Bhie staining indicated some Fab in samples A, D, E, F, 
and G. A c-^bB-2 EUSA of fxa^ons A through G indicate activity in A, D, E, 

.5 F, andG. However, the activity in fiai^on B was found to be hi^ier than G. 
Similar purification procedures performed on S20C9 (non^mmanized) eq>ressed in 
g. coU also foui^ the highest level of anti c-eibB-2 activity in fiaction E. 

To isolate Fab (containing the KT3 ta^ed H chain), a 2ml affinity colunm 
of Protein G Sq)harose KT3 was wadied wiA 3 cobmm vohunes of 0.1 M 

20 NajCOa, pH 10.5, and then a large vohmie of FBS/Nal>^. A sample of each 
supernatant ^0 ml of E and 35 ml of G) were separately passed over the same 
column. Aft^the sanq)le loading was conq»lcte the cohmm was washed with 10 
ml of FBS/NaN3 whidi was added to tiie fiow-through vohmie. The matsial 
bound to tte colunm was eluted using 10 nd of 0.1 M NajCC),, pH 10.5. The 

;25 eluate was immediately nraitraliznd and the protein concCTtiation c^mnined using 
Pierce Coomassie reagent: the sonicated duted material £rcmi sample gave a 
concentration of 28 /tg^ml and the ficeeze/thaw sample gave 7 ^g/ml. SDS-PAGE 
analysis of the starting material, the flow through, and the ehiate, shows tbsic is 
sdU a large amount of the Fab m the flow through of both the freeze/thaw and the 

30 sonicated procedures. 




93/21319 PCr/US93/03080 

27 

Examples 

RCTamTation Studies of Fab Produced in R CoU 
Rmatunttton of Fab produced in ^ sqU was aiccessfuUy p^onned using 
procedures described in BuchnCT and Ructolph, Bio/Technology 9:157-162 (1991). 
S Using conditions described as optimal by Buchner and Rudolph humanized S20C9 
Fab (TLW170-1) with binding activity to c-afaB-2 has beai produced. 
Fuithennore, activity in ttie cnute retract was obtained in tbc absence of 
d^iatuiation/ienaturaiion for two versions of the hiimaniyivi 520C9 Fab (from 
clones 170-1, 169-1). 

B. ^ were grown ov^ght in 25 mis of HiP medium. The cells were 
harvested by centrifiigation (10 minutes, 6,000 ipm in two 15 ml tubes), washed 
once in low phoq[>bate medium. Tht cdls contained in 1 tube (equivalmt to 12.5 
mis of the HiP medium) were used to inoculate the low ptosphate culture, which 

15 was grown at 30''C for 7 hours. The cells were harvested by centrifugation and 
combined into one 50 ml corttrifiige tube. The cells were dther frazm at -20°C 
overnight or treated with lysozyme. 

The freshly collected or thawed cells were resuspmded in 50 mis of 0.1 M 
Tris CI, pH 7.8 containing 20 mM EDTA and 0.5 mg lysozyme/ml at room 

ZO temperature for 1 hour. Hie lysed cells were cratrifiiged at 20,000 ipm for 25 
minutes and the sq)enmtant stored frozen until they were assayed. Bieakage was 
evidfflt by tte gel-like nature of tte ai^)rasion. The pellets were washed with 50 
mM Tris CI, pH8, containing 20 mM EDTA. Sonication of one batch was used at 
this stage to break up the pell^ and provide b^t^ extraction. 

25 The pdtos were resuspraded in 50 mM Tris CI, pH 7.8, containing 1% 

Triton X-100, 0.5 M NaCl, and 20 mM EDTA. The pellets were collected by 
CCTtrifugation and wasted twice with 50 mM Tris CI, pH 7.8, containing 20 mM 
EDTA. To tte drained peUets were ackled 0.1 M Tris CI, pH8, containing 6 M 
guanidine HQ, 0.3 M dithiottaeitol, and 2 mM EDTA, Tte suspension was 

30 voitexed occasionally at room temperature for 1 tour and tte pellet collected by 
centrifugation at 40,000 ipm for 15-20 minutes. Tte pell^ was reextracted with a 
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snmlte' volun^ of deaatuiant in one expnimQit. 

The protdn concaitiajdon was detennined by Biadfoid analysis. SDS- 
PAGE was nm on die samples with and witlKmt reduction to detennine the purity 
ami levd of esqyiession of Fab. 
S Retiaturatipn was achieved by dilating ti^ guanidine/DTE solution of Fab 

into 0.1 M Ttis Q, pH 8.2, ccmtaining 2 mM EDTA, 0.2 M L^aigtmne, ami 2 
mM oxidized ghitathione. The final xlilotion of the Fab was 1:100, whidi 
produces a final concentiation of 3 mM DTE in the redox sy;^em. The 
iCTatiiratiop buffer was brought to 11*'C before dilation was made, 

0 Res^te an<^ fitsgpssipff 

Time Dependence of Renatuiation of Pellet F: 

A pdl^ (F) (see section VI for (^ails)^ produced from 170-1 humanized 
S20C9 Fab in £. ^qU was extracted with guanidine and DTE and lenatured as 
described above. The tc^ protein conc^itration in the lenaturation buffer was 35 

IS and 18 fig/ml. Because the pdlet during washing looked as if two layers were 
being separated during c^itrifiigation, an attempt was made to sqiaiate ttian, 
resulting in two firactions. SDS-PAGE analysis did not indicate any differmces 
b^een tiie two fractions. 

To «mble all of the assays to be ctone at once, dilutions from the 

20 guanidine/DTE solution of Fab (sttue at room tmipeiature) were made at various 
times and iraaturation darted at 11 ''C (lOX was intended). Dilutions were 
p^fbrmed by adding 100 fd of Fab/guanidine/DTE solution to 10 mis of 
renaturation buffer (which had be» stored in the r efrig era tor). After 86 hours of 
renaturarion, the san^les w^ all assayed at the same time. The stagg^ed times 

'25 of rraaturation were 86, 74.5, 38.5, 16.5 and 0 hours of r^iaturation. The buffer 
control procbced no signaL Activity was d^ected in all sanq)les. The best 
recovery of activity was seen with the longest time of roiaturation. Because no 
positive control was possible, theext^ of the recovery of activity amid not be 
estimated. 

30 These samples were assayed again about 3 days later. The activity was 
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again observed, but there was less diffoeoce b^een Ae shortest and longest 
times of renamtatkm. This was expected as ail of tte molecules reacted the 
"plateau", r^ion described by Buchner and Ruitolph. 

These eiq)arimaits demonstrate diat roatutation of Fab produced in £. 
5 was possible and that the humanized veraon of 520C9rrfokted and was active. 

CgaCBltiation of Time Depenrit >nce" Samples - 

About 6 days after the start of the renaniration studies, all the sanqiles were 

pooled and concentrated on a birred uhrafilttation (tevice. Tlie concentrate was 
stored at 4''C, and became cloudy. 

0 RenattiratinnnfPt.^|g^y- 

Most Of the guanidine/DTE solution of pellet F was left after the time 
dqjendence Indies described above. Therefore, tte remaindo- was diluted 1:100 
into renaluration buffer and incubated at 1 1 »C. ELBA assays revealed activity. 

Renaniration of TLWl 70-^ • 
5 The cells from 500 mis of meduim induced for 7 hours at 30"C were 

treated with lysozyme and the supernatant collected by centrifiigation. Tlie pellet 
was extracted with 4 mis of guanidine/DTE. Because of the presence of DNA, 
the pellets resembled rubber before extraction. Bradford analysis showed that the 
amber colored 40,000 rpm supernatant contained 3.2 mg of protein/ml. TTie 
protem was dibited into 340 ml of renaniration buffer and incubated at ITC. C- 
erfaB-2 binding activity was observed by ELISA. 

SDS-PAGE showed tiiat Uttie or no 50,000 MW Fab in die pellet was 
extracted by SDS sample buffer that did not contain reducing agent. However, a 
strong band having a molecular weight of about 25,000 was obtained when tiie 
25 pellet was extracted witii SDS in reducing agent. 



20 



Comparisnn p^nnjl^j1> H and Mujj nf faV^- 

169-1 and 170-1 are two differrat versions of humanized 520C9 Fab; 46-1 
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is the mnriTO 52QC9 Eab expie^ed in E. coli. Extraction of th& cells obtained 
ftom 500 mis mediinn with 1 ml of guanidine/DTE gave total protein 
concoitiations (measured by Bradford a^y) of 2.78, 3.81, and 5.22 mg^ml, 
lespectivdy. Extraction of the lamimng pelto with an arkfitt^^l Q 75 ml of 
guamdine/DTB gave concentrations of 2.72, 1.92, and 3.32 mg/mU respectively, 
Tlie tt«al samples (L75 ml) were diluted sqaratdy into 175 mis of renaturation 
buffer and inoibated at ll^'C. Erfa-binding activity was dsseived widi all three 



10 



Extraction of the pdlet with SDS without tedudng agrat did not solubilize 
Fab produced by 169-1 and 170-1; however, the murine Fab, 46-1, was 
sohibilized, AU tiiree Fal» were solubilized by SDS containing reducing agrat. 



Isolation of Fab! 

The initiaUy refolded Fab pellet, ILW 1 70-1 (which was concentrated to 
about 5 ml), devdoped scm» turbidity after concentration. A one ml sample was 
15 dialyzedagainst20mMT&CI,pH8.3,ovOTightat4X. Thesamplewas 
coitrifoged at 100,000 x g for 30 minutes and the aq)eniatant separated by 
chromatography usmg a Poros strong anion exchange cohnnn ^.5 ml ftactions 
collected). WhM the sampte was originaUy coneo^rated (bdbre the turbid^ 
developed), tiie total protein com»ttration was 240 fig/ml and when analyzed by * 
20 nonreducing SDS-PACffl gel die Fab was just barely visible with Coomassie 
staimng. By estimating the protem coiK»itration based on the intmsity of 
tiieyieldof Fabwasd«KminBdtDbe about50^ig/ml. The oitire sample was 
injected onto the anion exdiange cohunn and devdoped witii a NaQ gradient in 20 
mMTrisClbuffa-, pH8.3. Peak tub^ were analyzed by SDS-PAGE witii sQver 
25 stain. A murine Fab gei^ated by papain digestion was used to idoitify the 

J^lative chromatogTE^Aicdution tnne. However, gel analysis fiuled to show any 
FAb band in any of die peaks. An atklitional sample, however, showed good 
activity on the SKBr3 TNN plate coat assay. 

Thus, botii nnirine and humanized 520C9 Fabs are active and can be 
30 renatured fiom guanidine in a redox systrai. 
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Large saiiq)les of E fioii; expiessiiig murine S20C9 (46-1) have beoi 
gnwn at lower traiqmatiiies (23° and 27''C) to inaease die amount of soluble 
Fab. A. 10 liter sample was induced and grown at 2TC before the cdls woe 
collected. Tte po^dasmic q»ce was apeasd to release the soluble, seooed Fab 
localized to tte pe ripl as m i c spax. Tins material oratained active, soluble Fab, as 
measured by SDS-PAGE and ELISA. The Fab obtained from the pHq)lasmic 
qace was concentrated and analyzed befon it was passed ova- a cohmm of 
immobilized c-ahB-2 extracdhilar (kmiain. Hk cohmm was washed ami ttoi 
eluted with a Ugh concentration of LiCl (3.5M). From one-tenth of the 
"perq)Iasmic Fab", abcmt 400 fig of Fab was recovoed. Fab that was not trained 
by the c-ertiB-2 cohmm was not active when assayed by a SDS-PAGE western 
blot 

Analysis of the murine 520C9 Fab (46-1) recovered fiom the affinity 
chromatography cohmm showed essentially the identical results when compared to 
15 aproteolytically produced sample of 520C9 Fab in an EUSA assay. Hjerefore, 
it qqiears tfiat tia association constant of the recombiimnt Fab is tte same, or 
Mariy tte sanm (widun e3q)aimraital raror), as tte Fab matte from intact 520C9 
antibody produced in ascites cdls. 

Example 9 

20 Assays on Recomhmant Him^^irirfff l 520^9 Pah 

Tte purpose of these exp<aimKits was to determine if humanized 520C9 
Fab oqjressed in fi. sqU is cqnble of buuling c-eibB-2. 

Triplicate sets of uninduced and induced £• ^ samples containing 
humanized S20C9 Fab (not refokied) were run oa non-rediKang SDS PAGE and 
25 westran blotted onto a membrane. Two sets were probed with HRP-monoclonal 
anti-human kappa chain or with HRP-KT3, Le., an antibody specific to tte 
oUgopepUde and TPPtHt-in conjugated to torse radish peroxidase. A thirds^ 
was probed with c-eiijB-2 ECD-HRP. ECD-HRP is hoise radish peroxidase 
conjugated to an antibody specific for c-ertjB-2 (Nu2) ECD, an extracelhilar 
domain (ECD) of c-eittB-2 expressed in a secreted form from baculoviius infected 
SF9 insect cells (tte Nu2 consinia has tte TPPPEPET polypeptide sequence 
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rqiladng tbe transmembrane domain of c-eibB-3. A nmnb^ of nonqjedfic tends 
developed in Ix^ inmuinfyid and itktuced lan^. Qi^ flAfirinn?! band wish i^ar the 
i»cpected.md)ility for Fab may have cfevdoped only in the induced lai^, but was 
so dose to anoth^ nonqiedfic band that it ccmU be seai only as a wictodng of the 
lane. 

Fab firagmrat gradated from non-spedfic human IgG was bound direoiy 
to PVC nodarmit^ wdls and pn4)ed with Zyn^d" goat anti*bunmn antibody. 
Some signal was ss&x^ but the signal was weak at tiie im)be dihition u^ on die 
humanized Fab samples. 
10 To avoid tl^ uncolainties of using the goat anti-human pnd>e, an BLJS A 

was pofbnned using wells ccoted with SK-Br-3 INN cell extract^ this «ttact is a 
scmice of cdl expr^sed c-abB-2 that do^ n£% b^ die Tl^ 
presence of 1. ^ produced Fab bound to the ceU extract was ctoec^ with KT3- 
HRP. A reassay of hnmantTttd ¥tb samples with tins protocol showed activity in 
IS various fractions, with the higher activity in tte fceeze/tfaaw aipematant Active 
Fab could not be quantitated in absohite tenns for lack of a {Rirified ^andard. 

Refolded samples containing humaniTed 52(0 Fab wm assayed with the 
SK-Br-3 T^W/KT3-HRP EEJBA. Samples showed over a ten-fold uK^ease in 
activity that occoned aft^ 86 hours of refolding. 
20 The rdblded sample were reassayed with the same EUSA aft^ an 

additional three days rrfolding time. Some further in^ease in activity was seen, 
but the EUSA airves flatt^^L Some samples refolded for longer times ^wed 
less activity; tins could have bera caused by prc^eolytic degradation among otter 
causes. Saiqiles from humanized clones 169-1 and 170-1 were active. 
25 Humanized S20C9 Fab from bc^ cloi^ (169-1 ami 170-1) is active. 

Refolding can mcrease activity more than 10- fohL 

PjQloap^^ PgPP^ 

On Maidi 24, 1992, Applicants have deposited wifli the American Type 
Culture Collection, RodcviHe, Md., USA (ATCQ the plasmid pLW187, described 
30 herein ATCC acce^on no. 68942. Hiis dq)Osit was made uiuto: tiie provisions 
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of the ^ubqiest Treaty on tiie Intonatioml Recognition of the Dqx)sit of 
Microorganians for tte porooses of paiait pmcttfaire and riie Pt ytiatin n^ 
ttoenm^ (&idq)eA Treaty). This assxaes tmintenaiKX of a vmble cohnre for 30 
years from date of dqxssit The oiganians will be made availabte by ATCC 
uiKterdie tenns of the Biubqiest Treaty, ami subject to an agreemoit betweoi 
Applicants and ATCC which assures unrestricted availability vpm issuance of the 
patii»it U.S. patent Availability of d» i^wsited strains is nm to be cmistnied 
as a licmse to practice tiw invoition in contravention of the ri^ granted under 
the authority of any govermnent in acconbnce witii its patrait laws. 

All publications and patoits moitioned in d» above q)eci£uation are terem 
iiKxnporated by rdieiaKe. Tte foregoing written specification is considoed to be 
sufRdott to enable oi» skilled in tte art to practice the mventkin. Imteed, ^ous 
modifications of the above-described modes for carrying out the invention which 
are obvious to those skilled in the field of molecular biology or related Gdds are 
itttoided to be widiin tte scope of the following claims. 
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WB CLAIM: 



An immnnoglotmlin ccmqxrising, a hiimanfyftri vanable r^oa. 



whermi said variable r^ion is a mrad)^ of a fimctional of A^riable legfons 
speci& for funding to c-^bB-2. 



further compridng, at teast a {XHtum of a human immunogldmlin constant region. 

3. An inununoglpfaulin accoiding to daim 2, wi^dn said constant 
region is a conq)!^ constant v^icm. 

4. An immunoglobulin accoiding to daim 2, wtondn said tuunanuced 
variable region and said con^ant n^on are of the ^me diain type. 

5. An immunoglobulin avoiding to daim 4, whemn said dudn type is 
heavy chain. 

6. An inununoglolmlin accoiding to daim 4, wt^ein said dmin type is 
light chain. 

7. An immuiK)gloinilin molecule according to daim U wt^ein said 
immunoglobulin fiiitfa^ conqmses in opoable ocmibinatk>n, a tead^ ffeqnenre 

8. An immuno^tdiuBn accoiding to daim 2, said immuiK>glotmlin 
fiuthCT comprising in op^able combination, an oligopq^icte tag, wherdn said tag 
is joined to said constaitt r^on. 



2- 



An jmmimn giffeiKn acoonfing to daim 1^ said immuiK^)jdHilin 



9. A muM-polypeptide immunoglobulin, cnmprtsfng an 
immunoglobulin according to daim 1. 
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10. 



A multi-polypqjtide iimnun<^kdmlm accoiding to claim 9, 



comprising in cqierable combination, 

a) a fim immimo glcrtmlin molecule comprising^ a first hum^n^^ 
variable region, wi^rein said vaziable region is a member of a 
functional ^odSc for c*eibtB-2, ami 

b) a secomi inmmiK^ldmlin molecule conqmsing, a seomd hiimainT^ 
variable regkm, whermi said seccnui vaiiabte region is a n»nber 
of the same functional pair as said firtf immunoglotnilin variable 
region. 

11. A multii)olype{^de immunoglobulin according to chim 10, wh^ein 
said fira immunc^dHilin molecule fiiitter comprises a first con^ant r^on, and 
said second immunoglcrtmlin molecule furtbo- comprises a second con^t region. 

12. A nuilti-polypei^ immurogtolmlin according to claim 11, wherein 
said first con^nt region of said is a teavy chain constant region, ami said secomi 
con^ant region is a li^ chain con^oant region. 

13. An immum>glotmlin according to claim 12, wterein said first 
variable r^on and said fira constant r^on beltmg to tte same diain class, 
whCTMn said second variabte r^n and said second constant i^km belong to the 
same chain class. 

14. A muM-polypqydde immunoglolmlin according to claim 12, said 
aggr^ate furti^ comprising a tteapoitic moiety. 



15. A muIti-polypq)ti(te immnnogUdiulin luxording to claim 14, wtoein 
said theiapratic moiety is s^cted from tte grcn^ crasisting of, toxins, 
radionucUdes, radio-opaque imaging compounds, razymes, drugs, and pro-drugs. 
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16. A Dadeotide seqnoice, said mu^iotide seqaeoce encoding a first 
hmnamzert variable region sequence, wl^ein said variable legicm is a member of 
a functional pair specific for c-ertiB-2. 

17. A nudeotide seqnence according to daim 16, said seqaoice findier 
coiiipjishig at lea2^ a poitkm of a hnman constant region* 

18. An egqiTB^n vector, said vector conqmsii^ in apcab]& 
combination, a promote sequoice, opmbly joined to a mydMfide sfgnffncp 
acontfing to daim 16. 

19. A nudeotide sequexu^ oon^irising a first mudemide sequmce 
accordiog to daim 16, a second nudeotide sequo^ accoxding to daim 16, 
whodn whn the variable regions oicoded by said nudeoticfe seqiiences of form a 
functional pair qsedfic for c^«hB*2. 

20. A dui:q)entic conqxisition comprising, an ^ectiye amount of a 
multi-poiypqiticte imnnmoglobalin according to daim 9. 

21. A cell transformed with a vector according to daim 18. 

22. A method of ri^tfecting cardnoma cells, said method conqmsing the 
step of, administering a conqxnuKi according to daim 1 to a patioiL 

23. A method of treating a canc^ pati^ fflid nt^faod oom^^ 
stq> of administering a compound according to daim 1 to said patient 
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^-GURE 1 



COMPLETE NUCLEOTTOE SEQUENCE OF 
lUMANIZED ANTI-crbB2 520C9 Fab LW218 [H-2S;L-38] 
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FIGURE 5 
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PRIMERS FOR INTRODUCING ANTIBODY SEQUENCES 
INTO A pBR BASED EXPRESSION VECTOR 
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Box 1 ( 


>b*crvatinns wbcrc certain daims were found imscarchable (Coniifluation of item 1 of first sheet) 


Tills inun ( 

1. X c 
b 

R 
a 

0 


auonal search rcpori has nul been cxiabliihcd in respect of certain claims under Ariidc 1 7(1X*) for ihc follouang reasons: 
kirns Nus.: 

pcausc ihcy rdaic lo sub;cci maiu:r not required lo be searched by ihis Auihoriiy, namdy: 

eraark: Although claim 22 and 23 are directed to a diagnostic method and to 
method of treatment of the human/animal body, the search has been carried 
ut and based on the alleged effects of the compound/composition, 

lajms Kus^ 

'° P*' r ?- 'nic^'«Ll*"naJ applinuion thai do noi comply wiih the prescribed icquircmunU lo such 
icxumilhai no mcanmgfulinicrnauonal search can be carrted out, specifically: lu «wi 

c 

aims Nos.: 

cause ihcy arc dcpi:r«lcni claims and arc nol drafted in accordance with the second and third scmcnces of Rule 6,4(a). 


Box 11 O 


b&crvations where unity of invention is Istcking (Continoation of item 2 of first sheet) 


This Inicrn 

SCI 

of 

3. □ As 

4. □ No 

rcsi 

Remark on 1 


oiunal Searching AuUiurity foujuJ mulupic invcnuuns in this inuirnaiionaJ applicaiion, as follows: 

i^ibl "dmlrS^ ^"""^ "^^^ applicanu this inUrnaUonal search report covers all 
=u*!y^fj^ ^'"^ ^ "^^'^ ^^^'^ Authority did nol invite payment 

^i^vTJ'*^ ^ -''^i''^ additional search fees were timdy paid by the appUcant, this intemaUonal search report 
ers only those claims for whrch fees were paid, spcdTicaUy dahns Nosj ^ 

r.«^';^,1?^-^°"^ *^*' wrrc Umdy paid by ihe appficanL OmscquenUy. this internaaonal search report is 
riocd to ihc invcnuon first mcmioncd in the daims; it is covered by daims Nos.: 

The addiiionai search fees were accumpanicd by the appUcant s proicsL 
I 1 f^o protest accompanied the paymcni of addiuonal search fees. j 
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